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OF THE TUBERCLE BACILLUS. 
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Pathologis t  to the  Crichton Royal  Inst i tut ion,  Dumfr ies  ; late Assis tant  to the  
Professor  of  Pathology,  Glasgow Univers i ty .  

Since the discovery of the tubercle bacillus by Koch in 1882, probably 
more attention has been paid to the problems associated with tuber- 
culosis than to those of any other disease. In spite, however, of an 
enormous amount of research, many of the more difficult and important 
problems have remained unsolved or have been only partially elucidated. 
Much of our lack of knowledge can be explained by the difficulties 
which have been met with in obtaining cultures of the tubercle bacillus. 
Until comparatively recently the cultivation of Bacillus tuberculosis was 
a matter of great difficulty, and in consequence most of our knowledge 
has been obtained from the results of inoculation experiments in 
animals. Considerable advance has, however, been made within the 
last few years. In the first place, certain agents have been devised 
which are capable of isolating tubercle bacilli from other organisms 
with which they are usually mixed in tuberculous tissues and excre- 
tions ; and, in the second place, new culture media capable of giving 
rapid and abundant growth of the bacillus have been introduced. ]3y 
methods involving the combination of these two procedures it has been 
found possible to obtain direct cultures from such materials as sputum, 
urine, joint fluids, and caseous material. 

Of the agents which have been used for the isolation of the tubercle 
bacillus, the most satisfactory consists of a mixture of sodium hypo- 
chlorite and sodium hydrate in certain proportions. This reagent, 
which was introduced by Uhlenhuth 1 in 19o8 under the name of 
" antiformin," causes rapid liquefaction of sputum, pus, and other 
fluids, and destroys practically all organisms except those of the acid- 
fast group. The latter, owing probably to their fatty content, are 
protected from the destructive sterilizing effect of the antiformin, and 
are found in the deposit which results on centrifugalizing the mixture 
or allowing it to sediment. Uhlenhuth showed that n o t  only were 

1 U h l e n h u t h  : BerL Kiln. Woch., lxv., No. 29, 19o8. 
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tubercle bacilli after treatment with antiformin morphologically intact, 
but that they retained their pathogenic properties and powers of 
growth. Obviously, s u c h  an agent is of great service in isolating 
tubercle bacilli from the fluids and tissues of mixed infections. By the 
use of antiformin, Brown and Smith 1 in the case of sputa, and more 
recently Cruickshank ~ in the case of sputa, urine, cerebro-spinal and 
joint fluids, have obtained a large proportion of direct cultures. The 
powerful liquefactive action of antiformin is of the greatest service 
where the number of tubercle bacilli in any material is small, since 
large volumes may be treated, and the organisms thus brought together 
into small bulk by centrifugalization. A large number of writers have 
spoken favourably of the method in its application to the discovery of 
scanty tubercle bacilli in sputa from early cases of tuberculosis of the 
lungs. The technique is comparatively simple, and consists in adding 
to the sputum or other tuberculous fluid 15 to 20 per cent. antiformin 
till solution is obtained (shaking is frequently necessary), centrifugal- 
izing the mixture, and washing the sediment several times with sterile 
water or salt solution. The washed sediment is then  inoculated on 
suitable culture media. The method is also of service in cases where 
animal inoculation is intended, as the sterilizing effect of the antiformin 
removes the fallacies which otherwise may result from the presence of 
a large number of pyogenic organisms. For further details of the 
method see paper by Cruickshank. Another method of obtaining pure 
culture, which was introduced by Twort,a consists in using ericolin, a 
glucoside which has a distinctly destructive action on ordinary pyogenic 
organisms while leaving tubercle bacilli unaltered. T h i s  reagent, 
however, lacks the important liquefactive action of antiformin, and 
has been found to have only a very limited use. Agents of this kind, 
because of their selective sterilizing effect, are of the greatest service in 
aiding the production of pure cultures. The importance of obtaining 
such cultures directly from infected tissues can hardly be overestimated. 
The ordinary method of animal inoculation for diagnosis and experi- 
ment not only lends itself readily to many fallacies, but it is difficult of 
application, and involves the loss of a considerable period of time. In 
addition, a study of direct cultures is the only adequate control to 
animal experiments. 

Direct cultivation is, nevertheless, dependent on the use of media 
capable of giving rapid and certain growth. The medium originally 
introduced by Koch, and used by him in his investigation On the growth 
of B. t~berculosis was solidified blood-serum. On this medium 
growth, even under the most favourable circumstances, was slow and 

1 Brown and Smith : Jourl,. Med. Resec~rch, xxii. 517, 191o. 
2 Cruickshank : Brit. Med. Joz~rn., November 9, I912. 

Twort : Proc. Roy. Soc. Loud., I3, lxxxi., March, 19o9. 
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extremely limited in amount.  Considerable advance was made when 
Nocard and Roux advised the addition of glycerine, and for many 
years glycerine agar, glycerine serum, and glycerine bouillon, were the 
culture media most generally employed. Experience has, however, 
shown that, although these media can be used more or less successfully 
to obtain growth in subculture, they are of little service for direct 
culture from infected material. I t  was not till 19o2 that a medium 
satisfactory for the latter purpose was found. This was the egg 
medium of Dorset, 1 and was prepared by simply mixing the yolk and 
white of egg and solidifying at 7 °0 C. The addition of glycerine 
further improved the medium, especially for the growth of bacilli of the 
human type. I t  was very rapidly shown that these media made from 
egg were superior in all respects to the older culture media, and recent 
investigations by Park and Krumwiede, 2 Fraser, 8 etc., have sub- 
stantiated these findings. In the case of direct culture visible growth 
appears in from ten to twenty days, and may be very abundant ; strb- 
cultures grow more quickly and abundantly. I t  has been already 
noted that these media, combined with the use of antiformin, have 
given excellent results. Further, egg media have given )mportant  
information on the types of B. tuberculosis. I t  has been conclusively 
shown, for example, that the bovine and human types of bacilli differ 
not only in their effects on animals, but have distinct cultural characters. 
The human type grows most luxuriously on egg medium containing 
glycerine, whereas the growth of the bovine organism is distinctly 
retarded, or it may be completely inhibited. Bacilli from cases of 
adult pulmonary tuberculosis belong almost exclusively to the human 
type, whereas those from cervical and abdominal gland infection, 
especially in children, are of the bovine type. 

Other media in addition to egg have also given satisfactory results. 
Frugoni 4 has shown that the lungs and other organs of the rabbit, 
when soaked in glycerine salt solution for one hour, sterilized for 
three-quarters to one hour at 120 ° C., and then supported over glycerine 
bouillon so that the tissue just touches the surface, form excellent 
media for the cultivation of the tubercle bacillus. Under suitable 
conditions growth probably occurs more rapidly on Frugoni's medium 
than on any other. Further,  owing to the moist nature of the cultures 
on the animal tissues, these are more useful than those on egg for the 
production of emulsions for use in vaccine-therapy or opsonic work. 
Further developments in the direction of suitalgle culture media may 
be expected. I t  has been shown that the growth of leprosy bacilli is 

l 

1 Dorset : American Medicine, iii. 555, 19o2. 
2 Park and Krumwiede:  Collective Studies, Research Laboratory, Depart- 

ment of Health, New York, vol. v., 191o. 
Fraser : Journ. Exper. Med., November, 1912. 
Frugoni:  Central. f.  Bakt. u. Pcwasite~k., (orig.), liiL 553, I9 lo. 
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greatly accelerated by the addition of certain amino-acids to media, 
and acting on this knowledge amino-acids or fluids containing them 
(e.g., autolyzed placenta extract) have been tried for the culture of 
tubercle bacilli, and exceedingly satisfactory results have been obtained. 

MIXED AND SECONDARY INFECTIONS IN 
PULMONARY TUBERCULOSIS. 

BY J. A. D. R A D C L I F F E ,  
M.B., 

Pathologis t  to King Edward  VII.  Sana tor ium,  Midhurst .  

AT a comparatively early period in bacteriology it was noticed that the 
tubercle bacillus was not the only micro-organism present in the 
sputum of consumptive patients, and this led to the belief that many 
of the symptoms of pulmonary tuberculosis might be caused by the 
activities of these other microbes, rather than by the tubercle bacillus 
itself. The course of the disease, sometimes slow and chronic, sometimes 
rapid, the acute relapse followed again by apparent arrest, the variability 
of the temperature and general condition, all seemed to point to a 
multiplicity of causes rather than to a clinical entity due to the action 
of one variety of micro-organism. Indeed, Koch 1 himself, in his 
classical paper on the etiology of tuberculosis, had shown the occurrence 
of microeocci in a case of miliary tuberculosis of the lung, and had 
pointed out that such " mixed infections " - - a  name applied by Brieger 
and Ehrlich2--are not at all uncommon. 

Before, however, considering the question of the microbes which 
may complicate pulmonary tuberculosis, it is necessary, as Bulloch '~ 
insists, to form a clear conception of what is meant by the terms 
" mixed infection" and " secondary infection." The term " mixed 
infection" is applied to the condition in which more than one kind of 
microbe invades the body at the  same time, whereas in "secondary  
infection" one microbe precedes the other in point of time. The latter 
must be by far the most important in pulmonary tuberculosis, and it is 
this condition which is generally meant when either of the terms is 
used. We have very little knowledge of any simultaneous invasion of 
the tissues by the tubercle bacillus and any other microbe. 

i Koch : ', Die Aetiologie der Tube rku lose , "  Mittheilungen aus dem Kaiserl. Gesund- 
heitsamt; Bd. ii., I884. 

2 Br!eger and  E h r l i c h :  " ]3eitr~ige zur  Lehr  yon der Mischinfec t ion ,"  Zeitsch. 
f .  Klin. Med., xi.,  1886. 

a Bul loch:  " M i x e d  and  Secondary  In fec t ions , "  Al lbut t  and  Rol les ton ' s  
"Sys tem of Medicine," vol. v., p. 377, 19o9. 
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